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ABSTRACT 


This report describes a quantitative and qualitative microbiological 
study conducted in a vertical laminar airflow surgical theater. Air samples 
were collected within the room and also directly at the incision. The 
levels of airborne viable particles that were detected and the types of 
microorganisms that were isolated are described. Data for a similar study 
in a conventional surgical theater are also presented. 

It would appear that the laminar airflow surqical theater has a very 
low level of airborne microbial contamination, especially at the wound site. 
Higher levels of airborne viable contamination were detected in the conven- 
tional surgical theater. 


Project Number 340.229.00 


This work was conducted under Contract No. NASA-R-09-01 9-040, Bioscience 
Division, Office of Space Science Application, National Aeronautics and 
Space Administration, Washington, D. C. 



THE MICROBIAL PROFILE OF A VERTICAL LAMINAR AIRFLOW SURGICAL THEATER 



ACKNOWLEDGEMENT 


The authors would like to express their aporeciation to F. W. Oswalt, 
2564, and V. L. Duoan, 2572, both of Sandia Corporation and A. Sanchez of 
the Lovelace Foundation for their help in the setting up and collection of 
air samples. The authors would also like to exoress their appreciation to 
J. Withers, Operation Room Supervisor, Bataan Memorial Hospital, for her 
patience and help in schedulina sampling activities with operations. 


2 



TABLE OF CONTENTS 


I. Introduction 

II. Surgical Theaters Surveyed 

A. Vertical Laminar Airflow Surgery 

B. Conventional (Nonlaminar) Surgery 

III. Microbiological Sampling Procedures 

A. Air Sampling Techniques 

B. Air Sampling Sites 

C. Identification of Isolated Microorganisms 

IV. Results and Discussion 

V. Bibliography 





I. INTRODUCTION 


Post-operative infections have been a continuing problem for hospitals 
for the past decade. A number of microbiological surveys have been conducted 
to determine the microbial profile of institutional environments and to estab- 
lish methods for controlling microbial contamination within hospitals^" 9 ). 

More recently, the National Aeronautics and Space Administration (NASA) has 
recognized and established a requirement for controlling both viable (micro- 
bial) and nonviable (dust, lint, fibers, etc.) contamination on its planetary 
orbiting and landing space hardware^ 9- ^. Both the hospital surveys and 
other studies in the NASA program^ 4- ^ directed toward determining the micro- 
bial profile of clean rooms and spacecraft assembly areas have shown that fairly 
larqe numbers of microorganisms can and do exist on surfaces and in the air of 
intramural environments. However, thorough housekeeping practices and other 
control measures can and do reduce the level of microbial contamination within 
a given environment. 

One of the most recent advances in the control of airborne contamination 
is use of the laminar airflow principle developed by Whitfield' to achieve 
a "clean environment". In Federal Standard No. 209a^ 9 ^ laminar airflow is 
defined as, "airflow in which the entire body of air within a confined area 
moves with uniform velocity alonq parallel lines". 

Several preliminary studies have been conducted in the laminar airflow 
(21-231 

surgery' . However, the present study was initiated to provide both a 

quantitative and a qualitative estimate of the microbial contamination present 
within a conventional surqery and within a vertical laminar airflow surqery. 

The rooms surveyed are mirror imaqes and both are subjected to the same 
maintenance and housekeeping practices. Surgical procedures and practices 
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are the same in both rooms. The only difference is the filtration and movement 
of air within the respective rooms. Thus, it was thought that the influence 
of laminar airflow on the control of airborne microbial contamination might 
well be evaluated under this type of situation. 

II. SURGICAL THEATERS INCLUDED IN THIS STUDY 

A. Vertical Laminar Airflow Surgery 

The vertical laminar airflow surgery was developed by adding a complete 
air conditioning unit to the full ceiling area of an 18 by 16 foot operating 
room (Figure 1). This air conditioning unit contained a filter bank of high 
efficiency particulate air (HEPA) filters. The entire deDth of the air 
conditioning unit with filters was 2.5 feet. Yet, the ceiling height below 
the filters remained a workable 8.5 feet height. Clear vinyl curtains 
extended on all four sides of the enclosure from the ceiling to near the 
floor (ca. 24-30 in. from the floor). The work area inside the vinyl curtains 
remained 10 by 12 feet, providino a dual purpose traffic aisle-air return 
passage 3 feet wide outside the periphery of the curtained area. 

Figure 2 presents a picture of the interior of the completed room. As 
shown in Figure 2, the plastic curtains are divided into halves along each 
side of the room and can be drawn to each corner for ease of entry of the 
patient and equipment into the room. Then, each half of the curtain along 
each side of the room is drawn together and sealed in the center with Velcro 
V-Lok tape^. This completes the curtained area around the room and provides 
ceiling to floor laminar airflow. 


^Commercial names are used throughout the report for identification only 
and their mention does not constitute endorsement by the authors. 
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Supply Plenum 



Figure 1. Schematic drawing of the laminar airflow surgery. Air leaves HEPA filters as 

laminar airflow, passing down over the operative field and then under and around 
the vinyl curtains to the return air passage around the room. 
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Six blowers are located near the ceiling and draw the return air from 
the floor area up the return air passages outside the curtained area. The 
return air then passes through coarse, woven Dacron^ prefilters and is 
forced into the supply plenum. This air then passes through the HEPA filters 
that remove 99.97 percent of all particles 0.3 microns or larger. Air leaving 
the filter flows uniformly downward inside the curtained area, diluting and 
removing airborne contamination. Such laminar airflow provides ten changes of 
air each minute in the operating area with a moving velocity of only one mile 
per hour (100 feet per minute, 600 changes of air per hour). An auxiliary 
air conditioning unit located on the roof adds new or make-up air via the 
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supply plenum at the rate of 1,000 ft. per minute. 

Pneumatic controls are mounted on one wall in the return air passage 
and regulate the temperature to 68F (+ 2F) and the relative humidity to 55 
per cent (+ 5 percent). This temperature and relative humidity have been 
maintained and also found to be comfortable. 

Six incandescent lamps for general lighting are located high on the 
walls near the ceiling filter bank to avoid interference with the airflow. 

The large, round operating lights commonly fixed to the ceiling over the 
operating table and the operative field interfere with the laminar downward 
airflow and produce a very undesirable turbulence between their under surface 
and the operative field. Presently, special small operating lights are being 
developed and tested. 


B. Conventional (nonlaminar) Surgery 

Operating room (OR) No. 2 is a conventional -type surgery and is a 
mirror image (16 by 18 feet) of OR No. 1, the converted vertical laminar 


Taj 


Commercial names are used throughout the report for identification only and 
their mention does not constitute endorsement by the authors. 
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airflow surgery. In OR No. 2 air enters the room through inlets near the 
ceiling and this air is removed through exhaust grills along the floor. The 
number of air changes per hour in OR No. 2 is approximately 17 as contrasted 
to some 600 changes per hour in OR No. 1. Routine housekeeping procedures 
are the same in both OR No. 1 and 2. Thus, the only differences in these 
operating rooms is the filtered laminar airflow principle employed in OR No. 1. 

III. MICROBIOLOGICAL SAMPLING PROCEDURES 

A. Air Sampling Techniques 

Volumetric air samples were collected with Reyniers^ slit samplers. 
Samplers were equipped with one-hour clock motors and each sampler was operated 
at a sampling velocity of one cubic foot of air per minute. For studies at 
the wound site, Pyrex^ glass probes, 2.5 to 3.0 inches long, 1/4 in. in 
diameter, were inserted into surgical tubing 24 - to 30-in. long. The other 
end of the surgical tubing was connected to a hole drilled into a number 10 
rubber stopped by means of a piece of Pyrex glass tubing (Figure 3). The 
entire probe assembly was sterilized prior to use. Trypticase soy agar^ 
was used as the collecting and incubation medium. All samples were incubated 
at 37 C. for 72 hours and then at room temperature for an additional 72 hours. 


B. Air Sampling Sites 

Since maximum turbulence might be expected underneath the OR table, one 
Reyniers sampler was placed on the floor at the foot of the OR table and a 
second sampler was placed on the floor at the head of the OR table. Both 
samplers were underneath the table approximately 6 in. from the respective 

Commercial names are used throughout the report for identification only and 
their mention does not constitute endorsement by the authors. 
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ends of the OR table. Two other Reyniers samplers were placed, one each, 
on either side of the OR table at a height of ca^ 30 in. Sample collection 
began before the OR was occupied and continued through the pre-operative 
preparations, the surgical procedure and until the post-operative clean-up. 

The sterile probes were placed at the wound site at the time the incision was 
made. Prior to this time, the samplers were placed in close proximity to 
the operative field and samples were collected with probes in place near the 
operative field. Sterile probes were placed at the wound site when the incision 
was made. 


C. Identification of Microorganisms 

The minimum test set procedure of Rypka, et.al., was used to identify 
the microorganisms recovered. Complete details of this procedure have been 
described earlier^ 24 ^. 


IV. RESULTS and discussion 

Figure 4 contains the results of air sampling studies conducted in the 
laminar airflow surgery during an aortic bifurcation resection. Fluctuations 
in the number of airborne viable particles can be related with personnel 
activity and may be seen in samples collected with the sampler on the floor 
when the room was not in a laminar flow configuration. However, when the 
vinyl curtains were sealed and laminar airflow was established, the numbers 
of airborne viable contamination dropped rapidly and ranged from 0 to about 
0.2 of a viable particle per cubic foot of air. Over 100 cubic feet of air 
were sampled at the wound site yet only two coagulase negative staphylococci 
were recovered. The probe was in such close proximity to the wound site that 
frequently small droplets of blood were deposited on the plate of Trypticase 
soy agar medium in the Reyniers sampler. 
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Figure 4. 


Air Sampling Studies Conducted in the Laminar Airflow Surgery 
During an Aortic Bifurcation Resection. 
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Table one contains a qualitative breakdown of the numbers of microorganisms 
identified after isolation. From this table it can be seen that the largest 
percentage of microorganisms recovered from the floor and at the wound site 
were those common to the skin, hair and respiratory tract of humans (Gram- 
positive cocci and Gram-positive nonsporeforming rods). 

Figures five and six contain air sampling results from two other operations 
in the laminar airflow surgery, a pleural biopsy on the right (Figure 5) and 
removal of spurs (patient No. 1) and a spinal fusion (patient No. 2) both 
contained in Figure 6. 

Again, there was a correlation of airborne viable particles with personnel 
activity. In Figure 5 the level of airborne viable particles fluctuated 
from 0.0 to 8.5 per cubic foot of air until the vinyl curtains were sealed 
to establish laminar airflow in the OR. At this time, the level of airborne 
viable particles per cubic foot of air dropped to a low level (0.0- to -less 
than 1.0) and remained there until the vinyl curtains were parted to remove 
the patient and begin the post-operative clean-up. Then an increase in the 
number of airborne viable particles was again detected. It should be noted 
(Figure 5) that no viable particles were recovered during the period that 
the sampling probes were at the incision. 

Figure six contains essentially the same data, although the plastic 
curtain seal was broken quite frequently during the spinal fusion procedure. 

At one point the curtain on one side of the room was open for approximately 
15 minutes. However, during the same 110 minutes the probes were in place 
at the incision (sampling a total of about 220 cubic feet of air) a total of 
only 6 viable particles (coagulase negative staphylococci) were recovered. 

Tables two and three contain the qualitative results of the organisms 
recovered during air sampling studies done during the pleural biopsy, spur 
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Table 1 


Types of Microorganisms Recovered From the Air During an Aortic Bifurcation 
Resection in the Vertical Laminar Airflow Operating Room 



Percent of Microorganisms 

Type of Microorganism 

Site No. 1 , Floor 
Foot of OR Table^ 

Site No. 2, Probe at 
Surgeon's side of OR 
table 


(140/149) 

(2/2) 

Staphylococcus spp. 
Coagulase + 
Coagulase - 

0.0 

30.7 

0.0 

100.0 

Micrococcus spp. 

42.1 

0.0 

Streptococcus spp. 

2.9 

0.0 

Bacillus spp. 

2.1 

0.0 

Miscellaneous Gram- 
positive rods^ 

15.0 

0.0 

Gram-negative rods 

4.3 

0.0 

Molds 

2.9 

0.0 

^Volume of air sampled: 

site No. 1 , (200 ft. 3 ) ; 

site No. 2, (110 ft. 3 ). 


^Number on left side of bar indicates number of colonies identified from 
total, which is the number on the right side of the bar. 

(c) 

v Predominant genera: Brevibacteri urn and Corynebacteri urn . 
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Figure 5. Air Sampling Studies Conducted in the Laminar Airflow Surgery 
During a Pleural Biopsy on the Right. 
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Figure 6. Air Sampling Studies Conducted in the Laminar Airflow Surgery 
During Removal of Spurs and a Spinal Fusion. 


I30C 


16 


















<u 

















• 

J= 




L 

\ 

“ VI 











o 

•M 




fO 

j 

- CX 











2 





c 


4-3 O 












C 




•r— 


• 4-3 C 

i— 










CU 

o 




E 


O (O <C <4- 

CM 


o .— 

*3" 

o 

o 


LD 

o 

o 

4~> 





fO 


2: 4-> o 



• • 

• 

• 

• 


• 

• 


•r» 

t. 




-J 


a ) in a > 

CD 


O CM 


o 

o 


O 

o 

o 

CO 

CD 






<1) f"> -I — QJ i — 



re- 





t» 




X5 




r— 


+j O WOJ3 











• A 

E 




fO 


•i — S- (/) •<— re 












3 




U i 


VI CL < (/) +3 











CO 

C 

















• 





■M 













+-> 

CU 




C- 













4- 

-C 




03 


















> 













CD 


















VO 

to 




<D 













f— 

•r- 




-C 

1 












^ 



















JC 

















#» 

U 




c 


A QJ 











CO 

•r— 




•1— 


CO "O i — 












JC 






fa xs 

oo 










• 

X 






. QJ (0 

LO 










o 





4-> 

to 

O SZ 4-> 

r— 


LO LO 

LD 


o 


LO 

i— 

o 

z 

A 




-C 

E 

z 



• • 

• 

• 



• 

• 

• 


r— 




CD 

to 

V- DC 

ld 


© CM 


CM 

o 


O 

«3- 

CM 

cu 

to 




•r* 

•r— 

QJ O O 

<3- 


CO 





I— 



4-> 

+J 





C 

4-> O 

i— 










•r— 

O 





tO 

T- . *4— 

V J 










to 

•M 




CU 

CD 

00 u_ o 
















Jd 

C. 












• a 

E 




•M 

o 













O 





o 












co 

s- 




C 

c. 












• 

4- 




o 

a 












4-> 






•r— 












4- 

■o 




>> _ 

s: 













CD 




to E 













CD 

•r— 




CL O 

4- 












VO 

4- 




o o 

O 












r— 

•r— 




- 1 - Cxi 


A 













+J 




CQ 

4-> 

CM DC 












c 




CD 

C 

</> O 

*< V 











CU 




|~ c 

cu 

• 4-3 — 

r-- 










CM 

"O 



CM 

tO •*— 

o 

o re c: »*- 

CM 











•r* 




C- +-> 

S- 

2 : o o 



O ID 

CM 

O 

o 


CM 

O 

O 

• 



• 

CU 

3 tO 

<u 

0J <U QJ 

D- 


• • 

• 

• 

• 


.• 

• 

• 

O 

to 


e 

r* 

CU U 

CL 

(I)X) D) <Ur- 

CM 


O CD 

CD 

o 

o 


r— 

o 

o 

2C 

CU 


3 

jQ 

f— CU 


4-3 O S- -O X> 

** — «* 


CM 

LD 




r— 




•r— 


*i— 

tO 

CL CL 


•r- S- 3 <0 











CD 

C 


S- 


O 


00 Q- V) CO 4-3 











4-> 

o 


<U 


CD 













•r~ 



-M 















to 

o 


O 


o 














u 


to 


S- r— 













• r* 



-Q 


3 4— 













s 

4- 


<U 


O 













CO 

O 


c 


•«— 













• 





s- <c 


-- — - 











4-> 

s- 




•r- 


re 











4- 

cu 


o 


c 














aQ 


CJ 




A QJ 

JO 











E 




a; 


1 4-3 1 











to 

3 


"O 


JC 


O XI 

<■" ■**» 










r— 

C 


c 




• ore 

CD 










•» ^ 



to 




O U_ 4-> 

O 


CD CD 

CD 

CD 




CD 



to 




E 


Z 

CM 


• • 

• 

• 



• 


• 

•» 

(U 


E 


O 


S- DC 

\ 


O CM 

to 

CM 

1 — 


to 

oo 


!— 

4-> 


3 


u 


O O O 




CM 




r* 




<o 


•r - 


4- 


; 4-3 o 

O 










• 

u 


S- 




1 « — *4— 

CM 










o 

•r— 


CU 


■o 


OQ U_ O 

** — *> 










z 

ID 




0) 














C 


u 


i- 













cu 

•r" 


to 


cu 













4-* 





> 













•f 

s- 


•r— 


o 













t/) 

to 


> 


u 














JD 


CU 


QJ 
















c. 


OH 













« • 

4- 

• 

CO 



1 












*o 

O 

S-. 



to 













CU 


to 



£ 


to 











r— 

(U -Q 

• • 


to 


E 











Q. 

T3 


to 


•t— 


to 











£ 

•r— 

QJ 

u. 


c 


■r— 


• 





t 




<o 

to JZ 

a> 


to 


c 


CL 



• 


E 


to 


to 


4-3 

£Z 


CD 


to 


CL 



CL 


to 

U 

"O 



+J 


CU 


s- 


CD 


to 


• 

CL 


s- 


o 


t- 

'J- <4- 

CD 


o 


S~ 




CL 

to 


CD 

to 

s- 


•r* 

CU 

o 



o 


o 


(O 


CL 




-o 



fO 

* r— 


4-> 


S- 


o 


3 

+ 1 

to 

to 

• 

to 

o 

a> 




QJ 

C 


o 


s- 


O 



-3 

O- 

3 

S-. 

> 


4— 00 C XJ 

to 


•r* 


a 


u 

CU <u 

to 

U 

CL 

O 


•t— 


o 

• O 


c 




•r— 


o 

to (O 

3 

a 

to 

<U 

cu 

-M 



4-> 

to 

•r* 




s: 


o 

to to 

o 

o 


c 

> 

to 


QJ H— i. 


E 


4- 




o 

r— f— 

o 

a 

to 

to 

•I* 

CD 


E 

CU 

■4-> 

O 


O 


4- 


n— 

=3 3 

o 

o 

3 

1— 

4-> 

CU 


3 LO _Q -C 

X3 




O 


>) 

CD CD 

CJ 

+-> 

r— 

r— 


c 


r— - 

to E 

CD 

<u 


to 




-C 

to to 

o 

a. 

r— 

(U 

to 

1 

to 

o 

*— 3 

•r- 

c- 


cu 


CU 


Q_ 

o o 

s- 

cu 

•r— 

o 

o 

E 

~o 

> 

^ Z 


CL 


Q- 


Q. 


to 

O CJ 

u 

s- 

a 

to 

CL 

to 

r— 

<~N 



— , 


>> 


>> 


■M 


•r— 

4-> 

to 

•r— 


u 

O 

to 

JO 


u 


b~ 


h- 


00 


s: 

CO 

CO 

s: 


CD 

s: 






17 



















s- 






#% 

to 













CD 







- cl: 













-Q 







4-3 O 

«—* *. 












E 






• 4-> 

C 

03 


03 

CM 

o 

o 


03 

o 

o 



3 






o <o 

05 4- 

CO 


o • 

• 

• 

• 


• 





c 




f— 


2 

4-> O 

\ 


• r>- 

co 

o 

o 


co 

o 

o 







fO 


<D 

to CD 

03 


o co 

«*d- 







• a 


CD 




u 


CD jQ 

•i— CD r— 

CO 










P~-s 


JZ 




*r~ 


4-3 O 

tO *0 JD 

S--' 










CO 


4-> 




4-3 


•r- S- 

CO •»“ 03 











• 






S- 


Ol CL 

C OO 4-> 













to 




<u 














4- 


•r— 




> 




















CD 














LO 


-C 

















LO 


u 




-C 







* 







CO 


•p 




4-> 














^ 


_cr 




















£ 




c 














«« 






*r— 














CO 


A 




















P* 




C 


A 

CD 











• 


03 




o 


CO XJ 

p— 

.p's. 










o 


4-> 




•r* 


03 

XJ 

C\J 










2 


O 




to 


• CD 

03 

03 


o CO 

03 

LO 

CM 


P-— 

CO 

1-^ 



4-> 




=3 

to 

O JZ 

4-> 

CM 


• • 

• 

• 

• 


• 

• 

• 

CD 






ll. 

E 

Z 




*3- 


CM 

CM 


00 

CM 


4-> 


E 





to 

s- 

CC 

CO 


CM 





p— 



•p* 


O 




r— 

•r- 

CD O 

O 











CO 


L- 




03 

C 

4-> O 


CM 












4- 




c 

03 

•r— r— 

4- 

>*w-' 










• a 






•r* 

CT 

CO U- 

O 











<*<— ~N 


T3 




CL 

L- 













CO 


CD 




(X) E 

o 













• 


•r- 




o 

o 















4- 




“O o 

s- 













4— 


*r— 




c a: 

o 












i 



+-> 




fd 

•r— 













LO 


c 




cn 

s: 













LO 


CD 




•— c 














CO 


X3 




03 *r- 

4- 












l 



•r— 




> 4-> 

O 

a 


















O 03 


CM 

CC 











*» 


to 




E U 

4-> 


to O 

— , 










CM 


CD 




o) a> 

C 

• +J 

— 

LO 












•r- 



CO 

cl: q_ 

CD 

O (O 

C 4- 

C\J 










• 


C 


• 


o 

(J 

z: 

O O 



O Oi 

CM 


O 


CM 

o 

o 

O 


O 


E 

CD 

u 

S- 

<u 

CD CD 

r— 


• • 

» 

• 

• 


• 

• 

• j 

2 


r— 


3 

r— 

=3 ^ 

<d 

<U .0 

03 <D r~ 

CM 


o co 


•si- 

o 



o 

o 



O 


•p 

-O 

O- o 

CL 

■*-> o 

S- "O _Q 

**. — 


CM 

LO 




i — 



CD 


U 


S- 

03 

CO r— 


•i — S— 

=3 T 03 ; 











4-> 




<D 

1 — 

4- 


cl 

to to 4-> | 











•p* 


4- 


4-3 


cn L- 














to 


O 


O 


C •*- 


















03: 


•f- c 














• o 


s- 


JO 


S- 














y* — ^ 


CD 


CD 


=3 i- 














CO 


X) 


C 


Q 03 














:• 


E 


>y 


C 














+J 


3 


V 


L- *r~ 


*x. 











4- 


C 


o 


•*— E 


03 















CJ 


C 03 


V ^ 

.*■ — ^ 










CO 


(D 




— J 


a 

CD 

-Q 










o 




*o 


CD 


r— 4-> 












CO 


4-> 


c 


sz 


o 

-Q 

«»— V 














03 


4-3 


• o 

03 

CM 












to 






O Ll 

4-3 

o 


CM 

03 

te 



LD 

o 


#» 


CD 


E 1 


E 


2 


CO 


• • 

• 

• 

• 


• 

• 

• 

p— 


4-3 


3 


o 


sl. cr 



1 — IX) 

CM 

CO 

CM 



LO 

*Sj- 



03 


•p 


C 


CD O O 

CO 


CM 





p— 





O 


S- 


4- 


+J o 


CO 










o 


■p 


CD 





**- 

CO 










z 


"O 


4-3 


*o 


00 Ll 

o 













c 

• 

O 


CD 














CD 


•r— 

C- 

03 


S- 














4-> 



03 

_a 


<d 














•p 


s- 

-Q 

•»— 


> 














00 


03 


> 


o 
















JD 

CD 

CD 


o 















• 


-C 

S-. 


CD 














« • 


4- 

4-> 

CO 


CC 














X3 

CO 

O 


















CD 

• 


4— 



JO 














p— 

4-> 

CD 

o 

• • 


E i 


to 












Q_ 

4- 

TJ 


03 


to 


E 












E 


•p 

CD 

L- 


*r— 


to 












03 

to 

to 

“O 

CD 


C 


•i— 



• 





1 




to 

LO 


•r— 

C 


03 


c 



Q_ 



• 


E 

«p->. 

to 



CO 

4-3 

to 

CD 


03 


03 



CL 



CL 


03 

O 

“O 


V. 


4- 


cr> 


s- 


Ol 



to 


• 

CL 


L. 


o 


•r— 


<D 

4-> 



o 


S- 





CL 

to 


CD 

to 

&- 


03 

A 

r— 

Jd 

4-3 


o 


o 



to 


Q. 




■O 




♦sf 


CD 

C 


S- 


o 



13 

+ 1 

to 

to 

> 

to 

o 

CD 


4~ 


C 

•f— 

03 


o 


S- 



O 



3 

Q- 

3 

L- 

> 


O 

• 

o 

L- 

C 


•r— 


o 



O 

CD CD 

to 

o 

CL 

O 


•p* 



o 



•p* 


s: 


•r— 



o 

to to 

3 

o 

to 

CD 

CD 

-M 


CD 

2 


CD 

E 




Z 



o 

03 03 

U 

o 


C 

> 

03 


E 


CD _C 

O 


4- 





o 

p— p— 

o 

o 

to 

03 

•i— 

O) 


3 

CD 

-Q 

4-3 

“a 


O 


4- 



r— 

3 O 

o 

o 

3 

r— 

4-> 

CD 


p— 

4-3 

E 


CD 




O 



'■>1 

03 03 

o 

-4-> 

r- 

r— 

•f— 

C 


O 

»f“ 

3 

C 

S-. 


to 





-C 

03 03 

o 

CL 

i — 

CD 

to 

1 

to 

r> 

to 

Z 

o 

CL 


<D 


CD 



CL 

O O 


ar 

•r— 

U 

o 

E 

*o 







Ol 


Q_ 



03 

O O 

o 

S- 

O 

to 

CL 

03 

p“ 

^ — % 


X s 


P—s 


>> ! 


>> 



4-> 


*r- 

+-> 

03 

•p- 


L. 

o 

03 


JD 


o 


V-? 


h- 



oo 


s: 

oo 

CO 

s: 


CD 

s: 





^ — ' 


18 


removal and spinal fusion procedures. Again, as in table one, the predominant 
percentage of microorganisms (89-93%, pleural biopsy; 86-97%, orthopedic 
procedures) were those commonly associated with humans. 

Figure seven contains the results of air sampling studies done in a 
conventional surgical theater (OR No. 2) during a left inguinal herniorraphy. 

As seen in this figure the number of airborne viable particles fluctuated 
throughout the entire surgical procedure at both sampling sites; i.e., on 
the floor at the foot of the OR table and at the wound site. The number of 
airborne viable particles at the wound site varied in the same general trend 
as did those recovered from the floor. Also, the number of airborne viable 
particles per cubic foot of air at the wound site were considerably higher 
(1.0-to-2.5) than the number recovered at the wound site (0.0-to-0.2) in the 
vertical laminar airflow surgery. 

Table four contains the qualitative results of the types of microorganisms 
recovered during the left inguinal herniorraphy procedure in OR No. 2. From 
this table it can be seen that the contamination at the wound site is very 
similar to that recovered from the floor. It appears that the microbial contam- 
ination within the intramural environment of a conventional surgery is similar 
in kind and about the same in numbers throughout the room including that at 
the wound site; whereas the level of airborne viable contamination within a 
vertical laminar airflow is low and extremely low at the incision. 

The present report describes a quantitative and qualitative study of the 
microbial contamination in a vertical laminar airflow surgical theater. Sampling 
sites were selected to provide a worst case situation, i.e., downstream on 
the floor, under the table where maximum turbulence of air might be expected. 

Foot movement by the surgical teams might tend to stir up microbial contamina- 
tion on the floor and, therefore, provide for recirculation or accumulation of 
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Table 4 


Types of Microorganisms Recovered from the Air During a Left Inguinal 
Herniorrhaphy in a Conventional Operating Room 



Percent of Microorganisms 

Type of Microorganism 

Site No. 1, Floor- 
foot of OR table^ 

Site No. 2, Probe at 
Surgeon's side of OR 
table 


( 41 5/449 ) ^ b ^ 

(197/203) 

Staphylococcus spp. 



Coagulase + 
Coagulase - 

1.9 

32.7 

0.5 

36.5 

Micrococcus spp. 

25.5 

31.9 

Streptococcus spp. 

5.5 

3.6 

Bacillus spp. 

4.1 

1.5 

Miscellaneous Gram- 
(cl 

positive rods' ' 

19.5 

19.8 

Gram- negative rods 

7.2 

5.2 

Molds 

3.6 

1.0 

^ Volume of air sampled: 

Site No. 1, (145 ft. 3 ); 

Site No. 2, (125 ft. 3 ) 


^ Number on the left side of the bar indicates number of colonies identified 
from total, which is the number on the right side of the bar. 

f cl 

v ' Predominant genera: Brevibacterium and Corynebacterium 
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microbial contamination in these turbulent areas. However, from the data 
collected (Figures 4-6) accumulation of microbial contamination did not appear 
to occur in these turbulent areas. The other sampling area of interest was 
the wound site. Air samples were collected directly at the incision by 
means of sterile probes. At this sampling site, the number of viable particles 
recovered per ft. of air was extremely low (Figures 4-6). 

It is realized that some particle impingement may have occurred along 
the surgical tubing leading to the slit of the Reyniers samplers. However, 
preliminary studies using a Reyniers sampler with the slit orifice open and 
a Reyniers sampler containing a probe as shown in figure three did not result 
in a significant loss of viable particle collection with the sampler using 
the probe. 

Some 1200 cubic feet of air were collected at the floor sites during four 
operations in the laminar flow surgery and a total of 1192 microorganisms were 
recovered of which 1103 (92.5 per cent) were subsequently identified. The 
largest percentage of microorganisms from the floor sites were Gram-positive 
cocci and Gram-positive nonsporeforming rods with considerably lower numbers 
of Gram-negative rods. Bacillus spp. and molds. 

At the wound site during the same four operations some 1150 cubic feet 
of air were sampled and a total of 114 colonies were recovered of which 108 
(94.7 per cent) were subsequently identified. The predominant species recovered 
at the incision were Gram- positive cocci and Gram-positive nonsporeforming rods 
only. 

Sampling studies done in the conventional surgery showed the level of 
airborne viable particles to be higher than in the laminar flow surgery, both 
within the room and at the wound site. Contamination levels at the wound site 
generally followed the rise and fall trends noticed within the room. Essen- 
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tially the same types and percentages of all species found in samples collected 
at the floor level also were found at the wound site (Table four). 

No known experimental evidence supports the contention that even though 
the number of viable particles in a laminar airflow stream are low (less than 
0.2 viable particles per cubic foot of air), the wound site may be exposed 
to an increased number of viable particles due to the large volume of air 
passing over this area. In fact, the study reported by Whitcomb, et.al 
demonstrated that airborne particle impingement did not occur on agar settling 
plates and that the viable particles in airborne suspension moved out of the 
room as the laminar airflow stream was exhausted from the room. Furthermore, 
the viable particles in airborne suspension in a laminar airflow room only 
make a single pass through the room. In a conventional surgery such particles 
may be recirculated and have several opportunities to fall into the wound site. 

Finally, it must be remembered that air samples collected in a laminar 
airflow room are only approximate and represent very small samples of segments 
of the moving air stream. Thus, it was felt particularly important to place 
two sampling probes at the wound site. 

Presently it is not possible to predict nor comment on the post-operative 
infection rate occurring in either room. The post-operative infection rate in 
the conventional surgery is very low (ca_. 1,0- to -1.5 per cent) and that in 
the laminar flow surgery is also very low (ca^. 1.0- to -1.5 per cent). 
Statistical estimates have predicted that it will require comparisons of 
thousands of cases in each room before significant differences in the rate 
of post-operative infections can or cannot be detected in the two surgeries. 
However, it appears to us that the level of airborne viable contamination is 
extremely low in the laminar flow surgery and the fewer the contaminating 
microorganisms, generally, the fewer the chances for infection via the airborne 
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route. Of course, those infections resulting from direct contact cannot be 
expected to be prevented by using laminar airflow. However, the use of laminar 
airflow in the surgical theater may lend more light to the role played by 
airborne microbial contamination in post-surgical infections. 


24 



V. BIBLIOGRAPHY 


1. Bond, R. G. , Halber, M. M. , Putnam, H. D. , Ruschmeyer, D. R. , and 
Vesley, D., Survey of Microbial Contamination in the Surgical Suites 
of 23 Hospitals. Final Rept. (PH 86-63-96), Div. Hosp. and Med. 
Facilities, Bu. State Services, PHS, U. S. Dept. HEW, 1964. 

2. Colebrook, L., and Cawston, W. C., Microbic Content of Air on Roof 
of City Hospitals, at Street Level, and in Wards. Studies in Air 
Hygiene. Med. Res. Council (Gt. Britain), Special Report Series No. 
262:233-241, 1948. 

3. Engley, F. B., and Bass, J. A., The Comparative Antibiotic Resistance 
of Air-borne Microorganisms Isolated from Hospital Areas. Antibiotics 
Ann. pp. 634-639, 1957. 

4. Greene, V. W. , Vesley, D. , Bond, R. G. , and Michaelsen, G. S., Micro- 
biological Contamination of Hospital Air. I. Quantitative Studies, 

Appl . Microbiol., 10:561-566, 1962. 

5. Greene, V. W. , Vesley, D., Bond, R. G., and Michaelsen, G. S., Micro- 
biological Contamination of Hospital Air. II. Qualitative Studies, 

Appl. Microbiol., 10:567-571, 1962. 

6. Shaffer, J. G. , and McDade, J. J., I. The Microbiological Profile of a 
New Hospital, Hospitals, J. Am. Hospital Assoc., 38:40-51, 1964. 

7. Shaffer, J. G. , and McDade, J. J., II. The Microbiological Profile of 
a New Hospital, Hospitals, J. Am. Hospital Assoc., 38:69-74, 1964. 

8. Wells, W. F., Wells, M. W., and Mudd, S. , Infection of Air: Bacteriologi- 
cal and Epidemiologic Factors, Am. J. Public Health 29:863-879, 1939. 

9. Williams, R. E. 0., Lidwell, 0. M. , and Hirch, A., The Bacterial Flora 
of the Air of Unoccupied Rooms., J. Hyg., 54:512-523, 1956. 


25 



10. Hall, L. B., "NASA Requirements for the Sterilization of Spacecraft", 
Proc. Natl. Conf. Spacecraft Sterilization Techno! . , National Aeronautics 
and Space Administration, Washington, D. C., Publication NASA SP 108, 
pp. 25-36, 1966. 

11. "NASA Unmanned Spacecraft Decontamination Policy", National Aeronautics 
and Space Administration Manual No. 4-4-1, Washington, D. C.» 1963. 

12. Newell, H. E„» "The Role and Responsibility of NASA in Relation to 
Spacecraft Sterilization", Proc. Natl. Conf. Spacecraft Sterilization 
Technol., National Aeronautics and Space Administration, Washington, D. C. , 
Publication NASA SP 108, pp. 11-18, 1966. 

13. Reynolds, 0. E., and Nicks, 0. W., "Program Scope and Definition", Proc. 
Natl. Conf. Spacecraft Sterilization Technol. National Aeronautics and 
Space Administration, Washington, D. C., Publication NASA SP-108, 

pp. 19-24, 1966. 

14. Favero, M. S., Puleo, J. R., Marshall, J. H., and Oxborrow, G. S. 
Comparative Levels and Types of Microbial Contamination Detected in 
Industrial Clean Rooms, Applied Microbiol. 14:539-551, 1966. 

15. McDade, J. J., Irons, A. S., and Magistrale, V. J., A Microbiological 
Survey of the Hughes Aircraft Company Facilities Involved in the Assembly 
and/or Testing of Surveyor Spacecraft, Jet Propulsion Laboratory 

Space Programs Summary, 4(37-32): 25-36, 1965. 

16. McDade, J. J., Pail, W., Christensen, M. , Drummond, D., and Magistrale, 

V. J., Microbiological Studies Conducted in the Experimental Assembly 
and Sterilization Laboratory, Jet Propulsion Laboratory Space Programs 
Summary, 4(37-34): 30-39, 1965. 


26 



17. McDade, J. J., Favero, M. S., Michaelsen, 6. S. and Vesley, D. , Environ- 
mental Microbiology and the Control of Microbial Contamination, Proc. 

Natl. Conf. Spacecraft Sterilization Technol. National Aeronautics and 
Space Administration, Washington, D. C., Publication NASA SP 108, 

pp. 51-86, 1966. 

18. Portner, D. M. , Hoffman, R. K. , and Phillips, C. R. .Microbial Control 
in Assembly Areas Needed for Spacecraft Sterilization, Air Eng. 7: 

46-49, 1965. 

19. Whitfield, W. J., A New Approach to Clean Room Design, SC-4673(RR), 

Sandia Corporation, 1962. 

20. Anon: Clean Room and Work Station Requirements, Controlled Environment, 

Federal Standard No. 209a, August 10, 1966. 

21. Voda, A. M. , and Withers, J. E., Laminar Airflow in the OR, American 
Journal Nursing, 66:2454-2455, 1966. 

22. Whitcomb, J. G. and Clapper, W. E., Ultraclean Operating Room, American 
Journal Surgery, 112:681-685, 1966. 

23. Whitcomb, J. G., Whitfield, W. J., King, J. G., and R. Babb, A Model for 
the Lovelace II. Ultra-Clean Operating Rooms., The Lovelace Clinic Review, 
2:65-69, 1965. 

24. Rypka, E. W., Clapper, W. E., Bowen, J. G., and R. Babb, A Model for 
the Identification of Bacteria, J. General Microbiol., 46:407-424, 1967. 



DISTRIBUTION: 


NASA, Code SC Carol Franklin 

Grants and Contracts Lovelace Foundation 

400 Maryland Avenue, S.W. 5200 Gibson Blvd. S.E. 

Washington, D. C. 20546 (25) Albuquerque, New Mexico 


L. B. Hall, NASA 
Code SB 

400 Maryland Avenue, S.W. 
Washington, D. C. 20546 (2) 

W. E. Clapper 
Lovelace Foundation 
5200 Gibson Blvd. SE 
Albuquerque, New Mexico 

J. J. McDade 
Lovelace Foundation 
5200 Gibson Blvd. SE 
Albuquerque, New Mexico (25) 

John W. Beakley 
Department of Biology 
University of New Mexico 
Albuquerque, New Mexico 

Loren D. Potter, Chairman 
Department of Biology 
University of New Mexico 
Albuquerque, New Mexico 

Robert F. Stone, M.D. 
University of New Mexico 
Medical School 
Building 3 

Albuquerque, New Mexico (3) 

Harold Walker 
Dean, Graduate School 
University of New Mexico 
Albuquerque, New Mexico 


Richard G. Bond 
School of Public Health 
College of Medical Science 
University of Minnesota 
Minneapolis, Minnesota 55455 

Gerald Silverman 

Department of Nutrition and Food Science 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

John H. Brewer 

Biological Safety and Control 
Becton, Dickinson and Company 
P. 0. Box 6711 
Baltimore, Maryland 21204 

Mark A. Chatigny 

Research Engineer 

Naval Biological Laboratory 

Naval Supply Center 

University of California, Berkeley 

Oakland, California 94625 

Richard G. Cornell 
Associate Professor of Statistics 
Department of Statistics 
Florida State University 
Tallahassee, Florida 

Frank B. Engley, Jr. 

Chairman, Department of Microbiology 
School of Medicine 
University of Missouri 
Columbia, Missouri 


University of California, LRL 
P. 0. Box 808 

Livermore, California 94551 
Attn: Tech. Info.Div. 

For: Report Librarian 

Los Alamos Scientific Laboratory 
P. 0. Box 1663 
Los Alamos, New Mexico 
Attn: Report Librarian 


Gilbert V. Levin 
Hazleton Laboratories, Inc. 
Box 30 

Falls Church, Virginia 

Irving J. Pfl ug 
Department of Food Science 
Michigan State University 
East Lansing, Michigan 


28 



John A. Ulrich 
Department of Microbiology 
Mayo Clinic 

Rochester, Minnesota 55902 

Samuel Schalkowsky 
Exotech Incorporated 
525 School Street, S.W. 

Washington, D. C. 20024 

Joseph A. Stern 

Jet Propulsion Laboratory 

4800 Oak Grove Dr. 

Pasadena, California 91103 (6) 

Martin S. Favero 

Department of Health, Ed. and Welfare 
CDC-Phoenix Field Station 
4402 North 7th Street 
Phoenix, Arizona 85014 (3) 

F. N. LeDoux 

Head, Structural & Mechanical Applica- 
tions Section 

Goddard Space Flight Center 
Greenbelt, Maryland 

Q. Ussery 

Code AR5, Quality Assurance Branch 
Manned Spacecraft Center, NASA 
Houston, Texas 

F. J. Beyerle 

George C. Marshall Space Flight Center 
Manufacturing Engineering Laboratory 
M/F. Building 4471 
Huntsville, Alabama 35812 

J. Gayle 
Code SOP 

Kennedy Space Center, NASA 
Cape Kennedy, Florida 

E. Rich 
Code 624 

GSFC Sterilization Laboratory 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 

N. H. MacLeod 
Space Biology Branch 
Code 624, Bldg. 21, Rm. 161 
Goddard Space Flight Center 
Greenbelt, Maryland 02271 


Robert Angel otti 

Deputy Chief, Milk and Food Research 
Robert A. Taft Sanitary Engineering 
Center 

Cincinatti, Ohio 

H. G. Lorsch, Manager 

Spacecraft Sterilization 

Valley Forge Space Technology Center 

General Electric Company 

P. 0. Box 8555 

Philadelphia, Pennsylvania 19101 
Carl Bruch 

Chief, Bacteriology Branch 
Division of Microbiology 
Food and Drug Administration 
3rd & C., SW, Room 3876 
Washington, D. C. 20204 

J. G. Whitcomb 
Department of Surgery 
Lovelace Foundation 
5200 Gibson Blvd. SE 
Albuquerque, New Mexico 

E. W. Rypka 

Department of Microbiology 
Lovelace Foundation 
5200 Gibson Blvd. SE 
Albuquerque, New Mexico 


29 



J. A. Hornbeck, 1 

C. F. B i 1 d , 1100 

R. W. Henderson, 2000 
L. J. Heilman, 2100 
T. T. Robertson, 2200 
L. J. Paddison, 2400 
H. E. Lenander, 2500 
J. R. Meikle, 2520 
J. W. Jones, 2540 
R. E. Hepplewhite, 2550 
J. R. Sublett, 2560 

D. W. Ballard, 2564 

L. J. Klamerus, 2564 
F. W. Oswalt, 2564 

H. D. Sivinski, 2570 (50) 
C. A. Trauth, Jr., 2571 
W. J. Whitfield, 2572 

V. L. Dugan, 2572 

R. C. Fletcher, 5000 

B. H. VanDomelen, 5530 

M. C. Reynolds, 5530 
R. T. Dillon, 5590 
J. H. Scott, 9200 

A. Y. Pope, 9300 

W. F. Carstens, 3410 

R. S. Gillespie, 3413 (4) 

C. H. Sproul , 3415-3 

B. R. Allen, 3421 
W. K. Cox, 3428-1 
B. F. Hefley, 8232 


30 



